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Abstract An air-assisted dispersive micro solid phase extrac-
tionmethod (AA-dμ-SPE) is described that is based on the use of
a magnetic graphitic carbon nitride (g-C3N4/Fe3O4) nanocom-
posite. In AA-dμ-SPE, magnetic nanocomposite was dispersed
into the aqueous sample solution by air bubbles, which promoted
the analytes adsorption. The magnetic adsorbents were then sep-
arated from sample solution using a magnetic field. The method
was shown to be efficient, rapid and reliable to extract the poly-
cyclic aromatic hydrocarbons (PAHs) from biological samples
prior to their determination byGCwith FID detection. The nano-
composite was characterized by X-ray diffraction, FT-IR spec-
troscopy, scanning electron microscopy, transmission electron
microscopy, vibrating sample magnetometer and thermogravi-
metric techniques. A main reason of selection of the g-C3N4/
Fe3O4 nanocomposites as adsorbent is their high affinities to
PAHs and ease of collection from the solution. Several parame-
ters affecting adsorption and desorption phenomena were stud-
ied. Under optimum conditions, the limits of detection, linear
ranges and relative standard deviations (RSDs, for n = 6) were
ranged from 0.3 to 0.6 (ng mL−1), 1 to 100 ng mL−1, and 3.49 to
5.94%. The adsorbents can be reused up to 7 times. The method
was applied for the determination of naphthalene, fluorene, phen-
anthrene, anthracene and pyrene in (spiked) saliva and blood
samples, and satisfactory results were achieved.

Keywords Air-assisteddispersivemicroextraction .Magnetic
extraction .Magnetic nanoparticles . Nanomaterial .

Melamine . GC–FID . FTIR . Thermogravimetric analysis

Introduction

Polycyclic aromatic hydrocarbons (PAHs) are produced as
byproducts during fuel burning or carbon-containing or-
ganic substances and found in oil, coal and tar deposit [1].
Natural emissions including volcano eruptions and forest
fires can also emit these compounds [2]. Due to their
mutagenic, carcinogenic, and endocrine-disrupting prop-
erties, these compounds are included in the European
Union (EU) and United States Environmental Protection
Agency (USEPA) priority pollutant list [3]. In this way,
identification and determination of PAHs in environmen-
tal samples is an important topic because of their adverse
effects on humans and on soil organisms and plants, even
at low concentrations of these compounds. However, in
most cases, the amounts of PAHs are below detection
limit of many analytical techniques, and matrix interfer-
ences come along with their determination. Hence, pre-
liminary separation and pre-concentration of these com-
pounds is usually required.

Current methods for the sample preparation and pre-con-
centration, in terms of extractant phase can be subdivided into
solid phase based extraction [4–6], liquid phase based
microextraction [7, 8] and solid-phase based microextraction
[9, 10].

The most preferred method for sample preparation
and pre-concentration of PAHs is solid-phase extraction
(SPE) [11, 12] because of its high enrichment, simplic-
ity, reduction of sample matrix effects and high recov-
ery [13]. The bottleneck of SPE is the sample loading
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step, which can be performed by gravity flow or pres-
sure/vacuum-assisted. Depending on the instrumental
limit of detection, and therefore, on the amount of sam-
ple to be extracted, sample loading can require a rela-
tively long period of time. Besides, in most cases, the
aggregation tendency of solid particles reduces the ac-
tive area that limits the full exploitation of the potential
extractability.

Dispersive solid phase extraction (D-SPE) is a modified ver-
sion of SPE that considerably reduces the time consumed, and
simplifies the extraction process. In this method, extraction is not
carried out in a cartridge, column or disk but in the bulk solution,
which leads to more rapidity and ease of operation compared
with the conventional SPE. The method consists of two critical
steps: i) dispersion, and ii) phase separation. The second step is
usually performed by centrifugation, which is very effective.
However, it makes the overall procedure time-consuming. In this
sense, development of a D-SPE method which could avoid the
use of centrifugation is of great importance.

Nanoscale carbon-based materials, such as graphene (G)
[14, 15], graphene oxide (GO) [16, 17] and carbon nanotubes
(CNTs) are used as solid sorbent materials due to their ultra-
high surface area and high chemical stability. g-C3N4 sheets
consist of a hexagonal ring-based carbon-nitrogen network,
and they have a strong affinity for aromatic compounds based
on large delocalized π-electron structure [14]. g-C3N4 has
received vast interest and was applied in various fields, such
as photocatalysis [18], hydrogen storage [19], lithium-ion bat-
tery [20], electrogenerated chemiluminescence [21] and fluo-
rescent sensor. Notably, g-C3N4 can be used as a novel sorbent
for SPE method.

Magnetic nanoparticles (MNPs) have attracted much atten-
tion in preconcentration of target analytes from different real
samples, due to their gentle separation and non-destructive
effects on biological analytes. As a main advantage, target
analytes captured to them can be easily and selectively re-
moved from the sample with an external magnet [22]. After
washing out the contaminants, the isolated target compounds
can be eluted and used for further analysis [23]. In this way,
simple collection of the magnetic materials and chemical af-
finity of PAHs are combined. This results in the facile, fast and
efficient preconcentration of the interested analytes. As a con-
sequence, the g-C3N4/Fe3O4 nanocomposites may be favor-
ably used as sorbents for preconcentration of PAHs.

In the present study, an air-assisted dispersive micro-
solid phase extraction method (AA-dμ-SPE) (based on
using magnetic graphitic carbon nitride nanocomposites
as an adsorbents) is presented to extract the PAHs with
a low level consumption of adsorbent and without using
a toxic organic solvent. A few micrograms of the g-
C3N4/Fe3O4 nanocomposites were transferred into aque-
ous sample solution in a glass vial, and then the mix-
ture was repeatedly sucked into a glass syringe and then

injected into the glass vial. By this action, the interac-
tion between magnetic adsorbent and analytes increased
more and more [24]. After performing predetermined
cycles, the magnetic adsorbents were separated from
water by a magnetic field. The adsorbed analytes were
eluted with ethanol/acetone and 1 μL of the solution
was injected into a gas chromatography with flame ion-
ization detection (GC–FID) system for further analysis.
Effective parameters such as amount of sorbent, number
of extraction cycles, pH value, ionic strength, type and
volume of eluting solvent were investigated to achieve
the best conditions for extraction of the analytes from
bio-fluid and water samples.

Experimental

Reagents and solvents

All chemicals used were of analytical grade. The PAHs stan-
dard, including naphthalene (Naph), fluorene (Fl), phenan-
threne (Phen), anthracene (An), pyrene (Pyr), were purchased
from Fluka (Buchs, Switzerland). Biphenyl (as internal stan-
dard) was purchased from Sigma (Steinheim, Germany).
Solvents including methanol, ethanol, acetone, acetonitrile,
ammonia and hydrochloric acid (HCl, 36 %) were obtained
from Merck (Darmstadt, Germany). Sodium chloride, ferric
chloride (FeCl3·6H2O), ferrous chloride (FeCl2·4H2O) and
melamine were also obtained from Merck.

Standard stock solutions of five PAHs were prepared at
1000 μg mL−1 level in methanol for each compound. All
solutions were stored in the dark at 4 °C. All working solu-
tions were prepared by appropriately diluting the stock stan-
dard solution with ultra-pure water.

Instrumentation

Separation and detection of the analytes were performed by a
gas chromatograph (GC-17 A, Shimadzu, Japan) equipped with
a splitless/split injector and a flame ionization detector. Helium
(purity 99.999%)was used as the carrier gas at the constant flow
rate of 4 mL min−1. The temperatures of injector and detector
were set at 280 °C and 320 °C, respectively. The injection port
was operated at splitless mode and with sampling time 1 min.
For FID, hydrogen gas was generatedwith a hydrogen generator
(OPGU-2200S, Shimadzu, Japan). A 30 m BP-10 SGE fused-
silica capillary column (0.32 mm i.d. and 0.25 μm film thick-
ness) was applied for separation of PAHs. Oven temperature
program was: started from 50 °C, held for 1 min, increased to
190 °C at 30 °C min−1, held for 0 min, increased to 240 °C at
10 °C min−1 and then held for 3 min. A 10.0 μL ITO (Fuji,
Japan) micro-syringe applied for the collection of sedimented
organic solvent and injection into the GC.
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A ultrasonic bath (SW3, Switzerland), was employed at a
frequency of 50/60 kHz for speed up desorption of PAHs on
the sorbents. The phase identification of g-C3N4/Fe3O4 nano-
composite power was obtained by X-ray diffraction (XRD) on
a D8 Bruker XRD (USA) with Cu Kα radiation (35 kV,
15 mA, λ = 1.54051°A). Fourier transform infrared spectros-
copy (FT-IR) spectra were recorded on a Shimadzu 8400 s
(Japan) spectrophotometer. Thermogravimetric analysis
(TGA) of g-C3N4/Fe3O4 was performed on a LINSEIS TG/
DTA (STA PT 1600, Germany) thermogravimetric analyzer,
the morphology of g-C3N4 and g-C3N4/Fe3O4 nanocomposite
was observed an XL30 Philips (USA) scanning electron
microscope.

Synthesis of g-C3N4/Fe3O4 nanocomposites

The g-C3N4 was synthesized by pyrolysis of melamine ac-
cording to a reported procedure [25]. Typically, 20 g of mel-
amine was put into an alumina crucible with a cover and
heated at 550 °C for 4 h in muffle furnace with a ramp rate
of 2.5 °Cmin−1. The obtained yellow product was the g-C3N4,
and then the bulk g-C3N4 was ground to powder. The g-
C3N4 / Fe3O4 nanocomposites were prepared by an in situ
precipitation method [26]. In a typical procedure, g-C3N4

(125 mg) was dispersed in 500 mL of ethanol/water (1:2)
and ultrasonicated for 5 h at room temperature. FeCl3·6H2O
(1.838 g) and FeCl2· 4H2O (0.703 g) were dissolved separate-
ly in 20 mL of double-distilled water and added to the suspen-
sion of g-C3N4. The mixture was stirred at 80 °C for 30 min,
and then 10 mL of ammonia solution (NH4OH) was quickly
injected into the reaction mixture. The resulting mixture was
stirred for another 30 min, after which the reaction mixture
was cooled and washed several times with double-distilled
water and absolute alcohol. Finally, obtained precipitate was
dried in air at 80 °C for further characterization (Fig. 1).

Extraction procedure

g-C3N4/Fe3O4 (15 mg) as a adsorbent, 5 g NaCl and 100 mL
of the analytes standardmixture solution (0.1 μgmL−1 of each
analyte) were placed into a glass vial and solution pH adjusted
(pH = 7) with 0.1 M HCl and 0.1 M NaOH. By using a glass
syringe (10 mL), solution was repeatedly sucked and injected

into the glass vial. By this action the interaction between ad-
sorbent and analytes increased more and more. After
performing 30 cycles, the adsorbent was separated from solu-
tion by a magnetic field during 2 min. 1 mL ethanol/acetone
was added to the adsorbent and the glass vial was subse-
quently subjected to ultrasonic irradiation for 5 min to
speed up desorption of the analytes. Afterwards, 1 μL of
the collected eluent was injected into a GC for further
analysis. The results were reported based on relative re-
sponse that is defined as proportion of analyte peak area
to peak area of internal standard (biphenyl). Figure 2
shows the schematic representation of AA-dμ-SPE.

Sample preparation

Saliva samples were collected from smoker volunteers (aged
between 25 to 35 years) in our laboratory. Two types of saliva
samples were prepared from a healthy volunteer in our lab: i)
blank saliva samples (analytes-free) and ii) model saliva sam-
ples. Blank saliva samples were prepared from the smoker
volunteers that not smoked cigarettes at least for 1 week,
whereas model saliva samples were prepared from the smoker
volunteers 30 min after smoking (addicted to smoking ciga-
rettes, at least for 1 month).

An aliquot of 10.0 mL saliva sample was directly trans-
ferred to a volumetric flask and diluted to 100.0 mL. Then,
the extraction was performed with the AA-dμ-SPE method.

Blood samples were collected from smoker volunteers into
Pyrex centrifuge tubes. The tubes were stored on ice for a
maximum of 15 min before centrifugation. Blood samples
were centrifuged at 10,000 rpm. After separation of plasma
in the collection tube with centrifuge, 2.0 mL of upper phase
was immediately transferred to a volumetric flask, diluted to
100.0 mL and the extraction performed with the AA-dμ-SPE
method.

Results and discussion

The method is based on the withdrawing and pushing out a
mixture of sample solution and adsorbent in a glass tube using
a single syringe. This simple action leads to efficient disper-
sion of adsorbent in the sample solution. Collection of the

Fig. 1 The photographic pictures of depositing Fe3O4 nanoparticles on a g-C3N4
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adsorbent through the extraction (adsorption and desorption
steps), was easily performed using a magnet. At the end, the
best conditions were selected based on the highest peak areas
(or recoveries).

Choice of materials

g-C3N4 has a stacked two-dimensional structure (2D sheets of
tri-s-triazine connected via tertiary amines) and is made from
simple precursors under ambient conditions with a low cost.
However, dispersity of g-C3N4 in water is much better than
graphene (G). These properties suggest the possibility of g-
C3N4 as a new sorbent for AA-dμ-SPE for the extraction and
preconcentration of polycyclic aromatic hydrocarbons. On the
other hand, for the simple collection of nanomaterials,
immobilizing Fe3O4 particles on the surface of nanomaterials
is an effective solution, as it can be easily separated from
solution with an external magnet.

Characterization of g-C3N4/Fe3O4

The XRD patterns of the samples are shown in Fig. 1S. The
XRD peaks of g-C3N4 and Fe3O4 were observed in the XRD
pattern of the synthesized g-C3N4/Fe3O4. Diffraction peaks of
Fe3O4 appeared at the Bragg angles of about 30.02o, 35.61o,
36.20o, 43.28o, 53.16o, 57.18o, 62.78o and 73.57o are respec-
tively ascribed to the (220), (311), (222), (400), (422), (511),
(440) and (533) that were in good agreement with the standard
magnetite Fe3O4. The XRD pattern of the synthesized g-C3N4

shows two broad peaks at 2θ = 13.2 o and 27.3 o. It is well
known that g-C3N4 is based on tri-s triazine building blocks.
The strongest peak at 27.3 o is close to the peak position of
graphite (002), and is due to the interlayer stacking of aromatic
systems. The small angle peak at 13.2° is associated with
interlayer stacking [27].

Figure 2S shows the FT-IR spectra of pure g-C3N4 and the
g-C3N4/Fe3O4 nanocomposites that confirmed the successful
formation of g-C3N4/Fe3O4. The broad Fe-O band in the re-
gion from 550 to 650 cm−1 is clearly visible at all composi-
tions [26]. The strong absorption peaks can be observed in the
range of 1200–1600 cm−1, which corresponded to the
stretching mode of C = N bonds. The broad peaks in the range
of 3000–3700 cm−1 were attributed to the adsorbed H2O mol-
ecules and NH stretching vibration. Additionally, the absorp-
tion peak at 810 cm−1 was assigned to the characteristic
breathing mode of the triazine units [25]. The results indicate
that the aromatic g-C3N4 owns specific structure leading to its
unique absorption ability.

The SEM and TEM images, as shown in Fig. 3, exhibited
that Fe3O4 nanoparticles were successfully deposited on the
surface of the g-C3N4 sheets. The surface morphology of the
synthesized g-C3N4 is seemed to be smooth, after in situ depo-
sition of Fe3O4 nanoparticles onto the surface of the g-C3N4

(Fig 3c and d). The TEM images (Fig 3e and f) were obvious
showed that the distribution of Fe3O4 on the surface of g-C3N4

is uniform and prevented the agglomeration of Fe3O4 nanopar-
ticles. Also, no free Fe3O4 nanoparticles were found outside of
the g-C3N4 sheet. According to the Fig. 3, the particle size of g-
C3N4 and Fe3O4 are 70–180 and 8–12 nm, respectively.

TGA curve of g-C3N4/Fe3O4 was shown in Fig. 3S. TGA
analysis was used to determine the thermal stability of the g-
C3N4/Fe3O4 nanocomposite. The g-C3N4/Fe3O4 began to de-
compose when the temperature was over 500 °C, and the total
decomposition occurred at the temperature of 690 °C.

The porosity and effective surface area measurements for
the g-C3N4/Fe3O4 nanocomposites were performed by the N2

equilibrium adsorption isotherms at 77 K (Table 1). The BET
surface area of the adsorbent used was 137.713 m2g−1, with a
pore volume of 0.388 cm3g−1. Also the average pore diameter
was found to be 2.371 nm, indicating an appreciable narrow
micro-porosity for the g-C3N4/Fe3O4 nanocomposites.

Fig. 2 Schematic representation of AA-dμ-SPE. a 100 mL sample
solution and 15 mg of adsorbents. b Suction and injection of solution
using glass syringe was caused to increase of interaction between

adsorbents and analytes c Adsorbents were separated from water by a
magnetic field d Aqueous phase removed easily from glass vial e
Adsorbed analytes eluted and then injected to GC
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Magnetic properties of the g-C3N4/Fe3O4 nanocomposite

To collect and reuse the adsorbent in this study, its preparation
with good super-paramagnetism is essential. The mag-
netic properties of g-C3N4/Fe3O4 nanocomposites were
characterized by a vibrating sample magnetometer
(VSM) at room temperature and saturation magnetiza-
tion value is 44.49 emu g−1. The magnetization curve
of g-C3N4/Fe3O4 nanocomposites is shown in Fig. 4S.
This nanocomposite has been successfully applied as a
magnetic adsorbent in air-assisted dispersive micro solid
phase extraction method.

Optimization of air-assisted dispersive micro-solid phase
extraction conditions

In order to evaluate the application ability of the g-C3N4/
Fe3O4 nanocomposites in extraction of PAHs in bio-fluid
and water samples, the effective parameters on the adsorption
and desorption should be investigated and optimized. A
0.1 μg mL−1 of solution mixture was used in the optimization
of variables. Effective parameters on the adsorption of PAHs
on the g-C3N4/Fe3O4 surfaces such as amount of adsorbent,
number of extraction cycles, ionic strength, pH, and desorp-
tion such as type and volume of elution solvent were studied.
To achieve the optimum extraction conditions, one-at-a-time
(univariate) optimization strategy was used.

Amount of adsorbent

Varying amounts of g-C3N4/Fe3O4 in the range of 5.0–
30.0 mg were evaluated by extracting 100 mL of sample so-
lution, the result being shown in Fig. 5S As it can be observed,
by increasing adsorbent amount, analytical signals increase till

Fig. 3 SEM images (pure g-
C3N4 (a, b) and g-C3N4/Fe3O4 (c,
d)) and TEM images (g-C3N4/
Fe3O4 e, f)

Table 1 Surface area and porosity of g-C3N4/Fe3O4 nanocomposites

SBET
(m2 g−1)

SLAN
(m2 g−1)

Vp

(cm3 g−1)
Dp

(nm)

137.713 203.333 0.388 2.371

SBET: BET surface area; SLAN: langmuir surface area; Vp: total pore vol-
ume; Dp: average pore diameter
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15.0 mg and then remain constant. Hence, 15.0 mg of g-C3N4/
Fe3O4 was selected for the further studies.

Number of extraction cycles

In this work, the sample solution was rapidly sucked into a
10 mL glass syringe and then was injected into the tube. The
numbers of suction/injection cycles are considered as number
of extraction cycles. To reach equilibrium status, numbers of
extraction was studied in the range of 5–40 times. The results
obtained in Fig. 6S show that by increasing extraction num-
bers, analytical signals also increase till 30th extraction and
then remain constant. Hence, 30 times of extraction was se-
lected for the further studies. It is noted that this step was
performed in less than two minute.

Effect of ionic strength

To evaluate effect of the ionic strength in this study, efficiency
of extraction from aqueous solution containing 0.1 μg mL−1

of each target analyte was investigated in presence of different
amounts of sodium chloride (0–10 %, w/v). Generally, salt
addition can decrease the solubility of analytes in the aqueous
phase (salting-out effect), thereby improving the extraction
efficiency. However, with the increase of ionic strength, the
viscosity of the solution increases and the efficiency of the
mass transfer process subsequently decrease due to the vis-
cous resistance effect. The results in Fig. 7S indicate, recovery
of the analytes increased up to 5 % (w/v) sodium chloride and
after that remained nearly constant in the range of 5–10 % (w/
v) sodium chloride. Finally, 5 % w/v sodium chloride was
chosen as a suitable concentration.

Effect of pH

The pH value of the sample also affects extraction efficiency.
The effect of sample pH on the extraction efficiency of analytes
was investigated in the range of 3 to12 (Fig. 8S) with the ad-
justment with HCl or NaOH. Although PAHs exist as neutral
molecules under ordinary conditions and are unlikely to be
influenced by a change in the solution pH, the pH of the solu-
tion may affect the g-C3N4/Fe3O4 formation and dispersity in
water. The results indicated that with decreasing in pH, the
analytes recoveries were decreased in the pH range of 3–7.
Acidic conditions may cause some leaching of Fe3O4, thereby
decreasing the adsorption of PAHs on the g-C3N4/Fe3O4 nano-
composite. In the pH range of 7–12, recovery remained nearly
constant. Hence, pH = 7 was selected for the further studies.

Type of solvent elution

Selecting a suitable elution solvent is critical in the AA-dμ-
SPE process to achieve high analytical signal and extraction

efficiency depending on the properties of eluent. In order to
find the suitable elution solvent, four organic solvents and
mixture including, acetonitrile, acetone, methanol and
ethanol/acetone were compared for their eluting efficiency.
As shown in Fig. 9S, desorption efficiency was significantly
affected by the eluent and ethanol/acetone resulted the highest
elution efficiency for the target analytes. Therefore, ethanol/
acetone was selected as an optimum solvent elution.

Volume of elution solvent

To examine effect of volume of elution solvent, experiments
involving different volumes of elution solvent (0.75, 1.0, 1.5,
and 2.0 mL) were studied. Fig. 10S shows the influence of
volume of elution solvent on the analytes extraction. It can be
observed that recovery of analytes increased with increasing
volume of elution solvent up to 1.0 mL and then decreased.
In lower elution solvent volumes, elution of analytes are not
completed. High recoveries along with good repeatability were
obtained when 1.0 mL of elution solvent was used. Therefore,
1.0 mL was selected as the optimum volume of the elution
solvent in this study. The best experimental conditions were
found to be as: amount of adsorbent: 15.0 mg; number of ex-
traction cycles: 30 times; ionic strength: 5 %, NaCl; pH value:
7.0; elution solvent: 1.0 mL of ethanol: acetone (1:1).

Analytical performance

In order to investigate the practicality of the developed meth-
od, validation parameters including the linear ranges of cali-
bration graphs, limits of detection (LODs), limits of quantifi-
cation (LOQs), square of correlation coefficients (r2), relative
standard deviations (RSDs) and enrichment factors (EFs)
were studied under optimized extraction conditions. The re-
sults obtained are summarized in Table 2. Linear ranges are
between 1.0 and 100 ng mL−1 for all target analytes with
square of correlation coefficients ranging from 0.9977 to
0.9990. Limits of detection (S/N = 3) and quantification
(S/N = 10) were in the range of 0.3–0.6 and 1.0–
2.0 ng mL−1, respectively. The precision (in terms of RSD)
of the method, calculated for six replicate measurements at
concentration level 10.0 ng mL−1 of mixture PAHs, were in
the range of 3.49 % to 5.94 %. The enrichment factors (EFs),
defined as the ratio between the analyte concentration in the
final extracted phase and the initial concentration of analytes,
were in the range of 59.0 to 98.5.

Effect of foreign species

To test the applicability of this method in different matrix, the
effects of the possible interfering foreign species on the simul-
taneous preconcentration and determination of PAHs were
considered under the optimum conditions. The results showed
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that the presence of 1000-fold benzoic acid, salicylic acid,
chlorophenols (including of 2-chlorophenol, 3-chlorophenol,
4-chlorophenol, 2,4,5-trichlorophenol) and 500-fold sedative
drugs (including tramadol and acetaminophen) have no inter-
ference on the analytes recoveries (Table 1s).

Reusability of g-C3N4/Fe3O4

In this work, to investigate the recyclability of the adsorbent,
g-C3N4/Fe3O4 was reused in AA-dμ-SPE method. After

seven times of recycling, there was no obvious decrease or
increase in the analytes relative response. Based on the obtain-
ed results, g-C3N4/Fe3O4 did not show any memory effects
during successive extraction (up to seven times), indicating
good reusability of this compound.

Comparison of the method with other works

This method was compared with other previous extraction
methods that were used for the determination of PAHs in real

Table 3 Comparison of different methods for PAHs extraction

Method adsorbent Amount of
adsorbent (mg)

Detection Linear range
(ng mL−1)

LODs
(ng mL−1)

EFa Extraction
Time (min)

Refs.

μ-SPEb ZIF-8c - GC-MSd 0.1–50 0.002–0.012 - 12 [2]

Dμ-SPE nylon 6 composite 40.0 UPLCe-DADf - 0.050–0.580 18.1–43.5 32 [28]

μ-SPE CTAB/TiO2
g - HPLC-UVh 0.2–100.0 0.026–0.82 - ≈66 [29]

μ-SPE MWCNTk 30 GC-MS 0.1–50.0 0.0042–0.0465 132–138 30 [30]

SPEl copolymer of pyrrole
and phenol on steel frits

150 HPLC-UV 0.1–500 0.01–0.08 - ≈50 [3]

SPE MWCNT 150 GC-MS 0.02–5.00 0.002–0.0085 - [31]

MSPEm carbon-ferromagnetic
nanocomposite

10.0 GC-MS 0.5–80 0.015–0.335 35–133 45 [32]

MSPE C18/Fe3O4 50.0 GC-MS 10.0–800.0 0.8–36 - ≈6 [33]

MSPE Fe3O4/GO
n 40.0 HPLC-UV 0.5–100 0.09–0.19 - 10 [17]

AA-dμ-SPE g-C3N4/Fe3O4 15.0 GC-FID 1.0–100 0.30–0.60 59–99 3 This work

a Enrichment factor
bMicro-solid phase extraction
c Zeolite imidazolate framework 8
dGas chromatography–mass spectrometry
e Ultra performance liquid chromatography
f Diode array detect
g Cetyltrimethylammonium bromide modified TiO2 nanotube arrays
h High-performance liquid chromatography–ultraviolet-visible
kMultiwall carbon nanotube
l solid phase extraction
mMagnetic solid phase extraction
nGraphene oxide

Table 2 Analytical figures of
merit for the AA-dμ-SPE method Analyte LODa

(ng mL−1)

LOQb

(ng mL−1)

Linear range

(ng mL−1)

Regression
equation

r2 c RSD %

(n = 6)

EFd

Naphthalene 0.6 2.0 1.0–100 y = 38.70× + 0.28 0.9977 3.68 68.2

Fluorene 0.5 1.7 1.0–100 y = 34.35× + 0.35 0.9981 3.49 59.0

Phenanthrene 0.4 1.3 1.0–100 y = 40.71× + 0.37 0.9983 4.37 69.2

Anthracene 0.5 1.7 1.0–100 y = 59.71× + 0.26 0.9990 4.18 98.5

Pyrene 0.3 1.0 1.0–100 y = 57.88× + 0.45 0.9988 5.94 93.4

a Limit of detection, S/N = 3
b Limit of quantification, S/N = 10
c Correlation coefficient
d Enrichment factor, EF = Cex/C0
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samples [2, 3, 17, 28–33]. Table 3 demonstrates the amount of
adsorbent, linear range, limits of detection, enrichment factor,
and extraction time of some analytical methods along with this

work. As can be seen in Table 2, the present method requires a
lower amount of adsorbent in comparison to most of other
methods and lower extraction time (3 min) in comparison to

Fig. 4 GC-FID chromatograms
of standard (with 10 μg mL−1 of
each analyte), saliva and blank. In
all cases, AA-dμ-SPE method
was performed and 1 μL of the
extraction phase was injected
into GC

Table 4 Results for the determination of PAHs in saliva and blood sample

Analyte Adedd (ng mL−1) Saliva Blood Waste water

Found (ng mL−1) RSD% R%a Found (ng mL−1) RSD % R% Found (ng mL−1) RSD % R%

Naphthalene 0.0 6.87 ± 0.38 5.51 - NDb - - ND - -

10.0 16.53 ± 0.59 3.57 97.98 9.60 ± 0.29 3.02 96.00 9.72 ± 0.37 3.81 97.20

20.0 26.43 ± 1.02 3.86 98.36 19.41 ± 0.63 3.25 97.05 19.72 ± 0.73 3.70 98.60

Fluorene 0.0 8.93 ± 0.49 5.52 - ND - - ND - -

10.0 18.35 ± 0.62 3.38 96.93 9.76 ± 0.36 3.69 97.60 9.81 ± 0.39 3.98 98.10

20.0 28.23 ± 0.93 3.29 97.58 19.48 ± 0.66 3.39 97.40 19.67 ± 0.81 4.12 98.35

Phenanthrene 0.0 6.50 ± 0.40 6.15 - ND - - ND - -

10.0 15.83 ± 0.58 3.66 95.93 9.55 ± 0.31 3.24 95.50 9.69 ± 0.34 3.51 96.90

20.0 25.24 ± 0.85 3.37 95.24 19.36 ± 0.69 3.56 96.80 19.50 ± 0.60 3.08 97.5

Anthracene 0.0 3.13 ± 0.21 6.64 - ND - - ND - -

10.0 12.67 ± 0.46 3.63 96.50 9.61 ± 0.36 3.75 96.10 9.81 ± 0.38 3.87 98.10

20.0 21.96 ± 0.91 4.14 94.94 19.40 ± 0.78 4.02 97.00 19.32 ± 0.77 3.99 96.60

Pyrene 0.0 2.30 ± 0.15 6.52 - ND - - ND - -

10.0 11.87 ± 0.73 6.15 96.50 9.57 ± 0.61 6.37 95.70 9.85 ± 0.54 5.64 98.50

20.0 21.98 ± 1.32 6.01 98.57 19.67 ± 1.11 5.64 98.35 19.70 ± 0.98 4.97 98.50

a R, recovery
bND, not detected
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others. In general, linear range of method is wider than those
of the mentioned methods. Hence, this method has several
advantages over the other reported techniques, while it is also
very simple, rapid and less hazardous for environment.

Real sample analysis

In the optimal conditions, the method was applied for deter-
mination of PAHs in the different real samples including sali-
va, blood and waste waters of Semnan city. The results are
listed in Table 4. The recoveries of PAHs for spiked samples
were in the range from 94.94 % to 98.60 %. None of the
analytes were detected in blood and waste water. Target
analytes was found in the saliva sample. The concentrations
of naphthalene, fluorene, phenanthrene, anthracene and
pyrene were calculated as 68.7 ± 3.8, 89.3 ± 4.9, 65.0 ± 4.0,
31.3 ± 2.1 and 23.0 ± 1.5 ng mL−1 (n = 3), respectively. The
typical chromatograms for saliva samples are shown in Fig. 4.

Conclusion

In this study, air-assisted dispersive micro-solid phase extrac-
tion as a sample preparation method coupled to GC-FID was
developed for the pre-concentration/determination of PAHs in
waste water, saliva and blood samples. Different techniques
including FTIR, XRD, TGA, SEM and TEM confirmed the
successful synthesis and preparation of the adsorbent (g-
C3N4/Fe3O4). The method is simple, efficient and
environmental-friendly because a little amount of adsorbent
was used, without using a toxic organic solvent as eluent. The
main advantage of this method is simplicity of collection of g-
C3N4/Fe3O4 nanocomposites based on magnetic properties,
short extraction time in comparison to other methods. The
results revealed that the developed method was suitable for
determination of PAHs at ng mL−1 levels in complex matrices
such as waste water, saliva and blood samples.
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